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CONTRIBUTIONS TO THE HYDROLOGY OF THE
UNITED STATES, 1945-47

GROUND-WATER RESOURCES OF LIBERTY
COUNTY, TEX.

By W. H. ALEXANDER, JR.

ABSTRACT

Liberty County is in the Gulf Coastal Plain of southeastern Texas in the second
tier of counties back from the Gulf. ’

The geologic formations diseussed in this report in upward sequence consist of
the Qakville sandstone of Miocene age and the Lagarto clay of Miocene (?) age,
the Willis sand of Pliocene (?) age, and the Lissie formation and Beaumont clay
of Pleistocene age. The rocks of these formations crop out in belts roughly
parallel to the Gulf shore and dip southeastward. As one travels across San
Jacinto and Liberty Counties from northwest to southeast the belts of outerop are
traversed in the above order, beginning with the Oakville sandstone and Lagarto
clay.

The land surface slopes southeastward toward the Gulf at a rate less than the
dip of the rocks; consequently artesian conditions exist in all parts of the county.
The valley of the Trinity River is well known for its flowing wells, which range
from 100 to 808 feet in depth.

Most of the ground water used in the eounty is obtained from wells ranging in
depth from 350 to about 1,000 feet and is drawn from the Lissie formation. Wells
yielding 1,000 to 3,500 gallons a minute and ranging from 740 to 1,030 feet in
depth have been developed for rice irrigation in the North Dayton area, in the
southwestern part of the county. These wells draw water mostly from sands in
the Lissie formation, but most of them are also sereened in overlying thinner sands
in the Beaumont clay. The municipal water supplies of Liberty, Cleveland,
Dayton, and Diasetta are obtained from wells ranging from 350 to 833 feet in
depth with reported yields of 300 to 350 gallons a minute.

Most of the wells in the rural areas are less than 50 feet in depth and furnish
small supplies of water for domestic use and for stock. Such supplies can be
obtained almost anywhere in the county from shallow wells in the Lissie and
Beaumont formations or in alluvial deposits.

The average daily withdrawal of ground water for irrigation, public supply, and
industrial use is estimated to have been about 7,500,000 gallons in 1944, distributed
as follows: irrigation, 6,780,000 gallons; public supply, 325,000 gallons; and
industrial use, 395,000 gallons.

1



2 CONTRIBUTIONS TO HYDROLOGY, 1945—47

Asshown by analyses of water from 145 wells and springs, the chemical character
of the ground water varies materially in different localities and in different wells in
the same locality. In general the water is relatively low in total dissolved solids
but somewhat hard. Beds containing comparatively fresh water extend to depths
exceeding 1,000 feet in the northern and central parts of the county and to a few
hundred feet in the extreme southern part, according to estimates based on
electrical logs of 8 oil tests. These logs are shown in cross sections A-A’ in figure
2 and B-PB’ in figure 3 and extend across the county from northwest to southeast.

Abundant-supplies of surface water are available in Liberty County from the
Trinity River and other streams within the county, but storage will have to be
provided if large continuous supplies of water are obtained.

According to daily tests of water from the Trinity River from October 1941 to
September 1942 and from January to September 1944, the total dissolved solids
exceeded 500 parts per million on only 11 days during the 21 months of study and
was less than 250 parts per million more than a fourth of that time; the hardness
exceeded 100 parts per million most of the time.

INTRODUCTION
LOCATION AND EXTENT OF THE AREA

Liberty County is a part of the Coastal Plain in southeastern Texas,
and the south boundary of the county is 25 to 40 miles from the Gulf
coast. Itisbounded on the west by Harris and Montgomery Counties,
on the north by San Jacinto and Polk Counties, on the east by Hardin
and Jefferson Counties, and on the south by Chambers County. The
land surface is level to gently rolling except in areas bordering the
valleys of the Trinity River and the East Fork San Jacinto River,
where it has been eroded into small hills. The minimum altitude is
about 5 feet above sea level, on the flood plain of the Trinity River
at the southern boundary of the county, and the maximum altitude is
about 170 feet, near Cleveland in the northwestern part of the county.
The Trinity River crosses the county from north to south in a broad
valley 4 to 8 miles wide and 25 to 50 feet below the general level.
The county has an area of 1,160 square miles and in 1940, according to
the United States Bureau of the Census, had a population of 24,541, an
average of 21 persons per square mile. The principal towns and their
population in 1940 were: Liberty (county seat), 3,087; Daisetta,
2,000; Cleveland, 1,783; Dayton, 1,279; and Hull, 1,000.
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© ECONOMIC DEVELOPMENT

The economic development of Liberty County is diversified. The
county ranks high as a producer of oil. During the year ending
August 31, 1942, a total of 5,258,800 barrels was produced, according
to the Texas Almanac for 1942-44, published by the Dallas News.
The total production in the county from 1918 to 1940, inclusive, was.
129,640,000 barrels.! Other mineral resources are natural gas, sulfur,
sand, and gravel. Considerable timber is cut commercially, especially
in the northern part of the county. Agriculture is diversified, the most
important crops being rice and cotton. Beef cattle and hogs are the
major livestock products, but some sheep and goats are raised.
Dairying is also an important industry.

PRECIPITATION

According to records of the United States Weather Bureau the
average annual precipitation at Liberty during the years 1904 to 1944
was 51.05 inches. Table 1 gives the precipitation for some of the
wettest and driest years.

TaBLE 1.—Precipitation extremes, by years, 1904—44, at Liberty, Tex.

Highest Lowest
Year Inches Year Inches
68. 64 30. 15
85. 08 39. 36
71. 56 34. 88
62. 13 29. 82
65. 27 33. 99
63. 74 39. 61

Table 2 gives the United States Weather Bureau records of pre-
cipitation, by months, at Liberty, Tex., 1903—44.

1 Leavenworth, P. B., Oil and gas production in the Texas Gulf Coast during 1940: Am. Inst. Min. Met.
Eng., Petroleum Development and Technology, pp. 440458, 1941,
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TaBLE 2.—Precipitation, in inches, 1903 to 1944, at Liberty, Tex.

Year Jan. | Feb, | Mar. | Apr. | May | June | July | Aug. | Sept.| Oct. | Nov. { Dec. | Annual
I
2.9 30.15
5.10 51.29
4.30 41.47
4.80 57.00
1.31 53.04
4.11 39.36
6.06 42. 54
14.10 52.11
11.79 53.85
5.13 56.16
10.13 68. 64
6.30 57.63
3.97 34.88
1.95 29.82
4.89 41.41
2.84 85.08
3.99 55. 28
7.19 42.86
4. 48 56. 00
14.03 7. 56
4.19 33.99
2.44 48.73
3.98 62. 13
7.90 50. 55
3.52 50. 00

4,53 (13.18 [ 1.91 | 3.95 | .57 | 2260 | 1.92 [10.21 | 2.78 53.27

3.022.2811.00442(319]1.39]1.18]458|711 44.98
1.91 | 3.38 | 4.38 [ 1.23 | 6,88 | 1.81 | 1.42 | 2.51 | 6.09 42.87
1.93 | 2,98 | 2.41 (15.04 | 2.42 | 3.63 | 1.57 | .63 | 3.30 |_..._._.
6.01 | 1.31| .97 ]2.243.36|7.41| .69 6.04]3.69 53.15
4711418 | 6.76 | 5.62 | 1.84 | 7.28 | 2.74 | 4.06 |10.85 59.38
2.20 | 8.8V | .39 |6.55|1.24 216245272 6.89 39. 61

.52 |Trace| 5.83 | 2.22 | 5.17 | 6.05 | 6.79 | 1.97 | 5.58 51. 52
2.30 | 7.93 [ 6.90 | 4.95 | 1.89 | 4.22 | 1.23 | 4.03 | 2.63 48.74
2731272177820 }249|225| .71(3.38|3.21 43.39
4.95 | 2.20 | 4.42 | 2,03 | 6.68 83 | 4.84 10,33 110.37 53,47

8.50 ({3.29 | 6.82|7.33 | 746|511 |3.22| 218|255 56.09
1.14 | 7.00 | 2.82 [16.40 | 1.24 | 4.80 | .70 | 6.79 | 4.80 54.17
.76 |13.42 1 1.80 | 2.01 { 8.30 | 1.91 | 1.66 | 5.93 | 9.03 63. 74

Average annual precipitation. .. - e mmm 51.05
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Survey, The results of the analyses, which relate to the mineral
constituents jn the water and not te its sanitary character, are shown
in parts per million in table 8

GENERAL PRINCIPLES OF THE OCCURRENCE AND
' MOVEMENT OF GROUND WATER

For discussion of the fundamental principles of the occurrence and
movement of ground water the reader is referred to papers by Meinzer
and Wenzel.?

Ground water is derived chiefly from water that falls as rain and
snow. A part of the precipitation runs off in streams, a part is re-
turned to the atmosphere by evaporation and transpiration of trees
and other plants, and a part sinks to the zone of saturation, in which
all the interstitial openings of the rocks are filled with water.

In most places ground water is slowly but steadily moving under the
influence of gravity from areas of intake to areas of discharge. In the
more permeable rocks, such as coarse sand, gravel, and porous lime-
stone, the water moves with comparative freedom, although the
movement is very slow compared to the flow of a stream. Such rocks
are capable of yielding abundant supplies of water to wells, In less
permeable rocks, such as shale or clay, molecular attraction and sur-
face tension retard the movement of the water, which may be almost
infinitely slow. Such rocks yield little or no water to wells.

On the outcrop of water-bearing beds the water is usually uncon-
fined and does not rise in wells above the water table, which is the
upper surface of the zone of saturation and the level at which the
water is first encountered.

The water table is not a level surface but usually slopes from areas
of ground-water intake toward areas of ground-water discharge. In
some places the land surface is lower than the water table in adjacent
areas, and in such localities some of the ground water emerges as
springs. In some localities perched water accumulates above the
main zone of saturation, especially during the winter and spring, when
the rates of evaporation and transpiration are low. Such supplies are
usually small and are not dependable.

In areas down the dip of the water-bearing beds where the rocks are
under cover and inclined between relatively impermeable strata the
water usually is under artesian pressure and will rise in wells above the
level at which it is first encountered. If the altitude to which the
water will rise is greater than the altitude of the land surface, flowing
wells may be obtained.

2 Meinzer, O. E., The occurrence of ground water in the United States: U. S. Geol. Survey Water-Supply
Paper 489, 1923; Outline of methods for estimating ground-water supplies: U. 8. Geol. Survey Water-Supply
Paper 638-C, pp. 99 145, 1931. Wenzel, L. K., Method for determining permeability of water-bearing
materia’s: U. 8. Geol. Survey Water-Supply Paper 887, 1942, Meinzer, O. E., and Wenzel, L. K., Physics
of the earth, vol. 9, Hydrology, pp. 385-478, McGraw Hill, New York, 1942.
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The rocks underlying Liberty County to depths of at least 2,000
feet consist chiefly of clays and shales interbedded with sands. The
beds are inclined, the dip being toward the Gulf of Mexico. The
general slope of the land surface is also toward the southeast. Hence
artesian conditions occur in all parts of the county. The valley of
the Trinity River is well known for its flowing water wells, which range
from 100 to 808 feet in depth. On the upland only the deeper wells
flow, the shallowest flowing well being about 1,200 feef.

Most wells are subject to water-level fluctuations of varying magni-
tude. These fluctuations are due to many different causes, but most
of them are a manifestation of a change in the ratio between the rate
of ground-water intake or recharge and the rate of loss or discharge.
Most water-table wells are supplied in part from intake areas close at
hand and respond with a moderate lag to changes in rainfall. In very
shallow wells the water level may rise several feet after heavy rains
and decline until the wells go dry during prolonged droughts. Arte-
sian wells that draw from sand or sandstone and at considerable dis-
tances from the outcrops of the water-bearing beds seldom are affected
by seasonal or yearly changes in rainfall, although they may respond
to the effect of a series of wet or dry years. Fluctuations in pressure
in such wells and accompanying rise and fall in water levels are usually
due to withdrawals of ground-water from the well itself or from other
wells,

When a well is pumped the water level in the well drops, and a
hydraulic gradient is developed toward the well from all directions.
1t is this hydraulic gradient that causes water to flow toward the well.
Within limits the amount of water that will enter a well varies directly
with the amount the water level is lowered. For example, if & pumped
well in fairly permeable material will yield 50 gallons a minute when
the water level is lowered 10 feet, it will yield about 100 gallons a
minute when the water level is lowered 20 feet. This ratio between
the drawdown and the yield of the well is called the specific capacity
and is expressed as yield in gallons a minute per foot of drawdown.
The ratio is a very useful gage of the productivity of a well.

Heavy withdrawals of ground water are sure to be accompanied
by a general lowering of the water table or artesian pressure, a cone
of depression gradually spreading out in all directions from the center
of pumpage until large areas may be affected. However, this is
usually considered not very serious unless the rate of decline persists
without a corresponding increase in the rate of pumping or the trend
is such as to indicate that the pumping lift may eventually exceed the
economie limit. In some areas beds carrying fresh water are overlain
by beds carrying salty water, and excessive pumping may lead to the
invasion of salt water into the wells.
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GEOLOGIC FORMATIONS AND THEIR WATER-BEARING
PROPERTIES .

With the exception of Recent alluvial deposits along the Trinity
River and one small area of Willis sand in the northwestern corner of
the county, the rocks that crop out in Liberty County are of Pleistoene
age and belong to the Lissie formation and Beaumont clay. (See
fig. 1.) These rocks are underlain in downward succession by the

Q;GL tI;‘E tl 751\‘
BAY

10 o ¥ 40Miles
laasaa g1l 1 1 1 |
Geology ond bose from U.S Geological Survey map of Texas

EXPLANATION
Alluvium { Willis sand

@ {and Golied sand?)
Beaumant clay {

TERTIARY

QUATERNARY
Miocene(?) Pliocene(?}

Lagarto cloy and *
Oakville sondstone

Lissie formation )

FIGURE. 1.—Geologic map of Liberty County and Aadjaoent territory, Texas,
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Willis sand (and possibly by the Goliad sand), Lagarto clay, and
Oakville sandstone, Catahoula sandstone, and older rocks. On the
Geological Survey map of Texas the Qakville sandstone and Lagarto
clay have not been differentiated east of the Brazos River and are
considered in this report as though they were one unit. The rocks
of these formations crop out in Montgomery, San Jacinto, and Polk
Counties, and a part of the outcrop area is shown on the geologic
map (fig. 1). The Goliad sand has not been identified in outcrop
in this part of Texas but may be present and hidden by overlap of
younger formation.

The information given below is based in part on a bulletin of the
Texas Bureau of Economic Geology,’ in part on recent articles in the
Bulletin of the American Association of Petroleum Geologists, and in
part on well logs obtained by the writer.

Beginning with the Oakville sandstone and Lagarto clay, the rocks
are listed in the order in which they were deposited, or from oldest to
youngest. This is the order in which the outcrops are successively
crossed in traveling over the area from northwest to southeast.

MIOCENE AND PLIOCENE SERIES
OAKVILLE SANDSTONE AND LAGARTO CLAY

The beds of the Oakville sandstone (Miocene) and Lagarto clay
(Miocene?) which crop out in Montgomery, San Jacinto, and Polk
Counties dip southeastward toward the Gulf at the rate of about 60
feet to the mile. (See figs. 2 and 3.) In northern Liberty County
they consist predominantly of clay, usually containing caleareous
layers, but include important beds of water-bearing sands. They are
believed to have a total thickness of at least 1,400 feet. At Cleveland,
in the northwest corner of the county, wells in sands of these formations
yield water of good quality. Down the dip in the central part of the
county the water becomes brackish. The estimated position of the
contact between fresh and brackish water in these formations, based
on the writer’s interpretation of electrical logs of a few oil tests, is
shown by the dashed lines in figures 1 and 2.

WILLIS SAND (AND GOLIAD SAND?)

The Willis sand of Pliocene (?) age and possibly the Goliad sand of
Pliocene age crop out in a belt 10 to 15 miles wide, paralleling and just
south of the outerop of the Qakville sandstone and Lagarto clay. The
Willis sand has been described in general as a red sand, coarse and
gravelly in part, slightly indurated, and baving a total thickness of
about 85 feet.*

4 Sellards, E. H., Adkins, W. 8., and Plummer, F. B., The geology of Texas, vol. 1, Stratigraphy: Texas
Univ. Bull. 3232, pp. 727-795, 1932.

¢ Doering, John, Post-Fleming surface formations of Coastal southeast Texas and south Louisiana: Am.
Assoc. Petroleum Geologists Bull., vol. 19, pp. 660-668, 1935.



9

GROUND-WATER RESOURCES OF LIBERTY COUNTY, TEX.

*%0, ‘Ayunop £310qY ¢, - U068 S80I 9[80[00—'F FENDLT

oosz - ) ooz
NG 14
0002 [ 21095 |0JUCIIIOH 100
0082 - vipus puo 4o - ootz
oozz |- - 4 ooz2
suoispuos puo pusg
00iz | | manses| 4 oon
uotouDIdx 3
o0z - ] oooz
oos! |- 4 oosr
0081 y3Ly 4 oost
\\\\\\\\\\\\ HALYM b 7
oou e = VO 4 oou
009 |- N\ 4 oon
%
005t SN 4 oot
oovl o .
L S o <1 oow
i/ Ap - AN
oot % = N - oos
[ | S
ooz ~ ~ ] { oozt
[*
oon 2 : 4 oo
£ == (o = )
0001 - &/ wzu swio 62 W, ™~ . 4 ooot
SIS be =
006 |- gy Q 1 oos
> PR} RN :
ooe | / (e} n 9 a 4 o0e
/
00s | . 2 Hy 0 L] 4 oo
009 - - m C4 £ J con
008 |- B u 4 o0
oos [ = ry Ll - oor
oot - I il = b 4 o0s
— __H —— e — wyw twyo 02
~. 2 [
ooz ~ L] - 002
oot |- - AV = ~ Bl T H oor
H =
Hu g YO O = = FZOS: / m £
Or=—=——- N - vig Z H YL = ——==10
o0 - m_m § "o anbos umosg. (el voumd - < o0
" 03 o381 UL 00 HNTIHM S0y
133; n_m o1t ON 1ioM aL on 1om ol teey pom —¢ 1334
julios ZON oM &z
EIN s
v 3i L v
] 1°0N AV OM 10N VZUYHD 10N ONIONYIR 1ON NuLKM 210
Bl 00 110 LuvSSYN ‘09 990 ANIMONVLS SIVUINN NYRATHO 00 Mo NuNEN000 m_m
1s0ayinog u.w I5MYLION



CONTRIBUTIONS TO HYDROLOGY, 1945—47

10

*¥a ], ‘Ajunoy £11eqI ‘,g-g TOIIISS S50 0180106 —"¢ HUNDOLT

1
—
oos¥ ouns 2 4 oovz
oore 91098 [03uOZLOH ooes
1048 puo K013 7
oose 4 ooza
ooz pus puog - ooz
ooz uopoupIdx3 1 o002
ooox f BAIRD JOULION: ~——— - ooetl
o061 | Pt < O I it Y Y31vpm { oom
008t “Tamee” || dalgeaadvug
—_— . \\\ Mind pg’ - 4 oou
e e ) J oon
cogt ~ R - w ~ 4 ?vo 1 oost
L] \ s / 1 oom
oot ] NQ?VQ ....E._.:.ou_' / 4 oo
oost Qv { o021
7o
oozl |- 9 1 oot
Oy ’)
oon éot an 4 000
ooor | g&o& vs { oos
,oo. 3 - o0e
o0e 004
oo | 1 oos
o009 y m\wn\ { oos
) 7 { oor
e B y { oot
el B - & ———f 4 ocs
o003 | N prd //
~ R oo
AVD ANOWNY3E || ~ m
001} Wy swuosg | i ~.k --do
op-=--- : 78487 _99s k] = . M ~ 1 oo
oot m ) 1334
A — = b g e SE— ly
3 et I'M, 091 'ON 1108 5 "ON Hem 114
N_w 053 "ON 11oM m a
8
g _w 19N ELu390M H
' . 10N LL3WNV8 TM Rk, 13
' 10N 300N VD "ONI ‘0AYN ‘@ NHOP
m_do_.'.wﬁwnm MA LS '03 SYX3L SHL Y05 WNI10L3d A31000M ..M.::z
emynog



GROUND-WATER RESOURCES OF LIBERTY COUNTY, TEX. 11

PLEISTOCENE AND RECENT SERIES
LISSIE FORMATION

The Lissie formation of Pleistocene age overlies the Willis sand (and
Goliad sand?) and appears in outcrop in a belt about 15 miles wide,
paralleling and just south of the outcrop of the Willis sand. (See
fig. 1.) The Lissie formation has been described by Meyer® as a
sequence of gravels, sands, sandy clays, and clays, which are distin-
guished from the underlying Willis sand by a generally finer texture
and from the overlying Beaumont clay by a generally coarser texture.
However, in Liberty County it is not possible to differentiate between
the beds of the Willis sand, Goliad sand (if present), and Lissie forma-
tion in drillers’ and electrical logs, and for convenience in this report
the combination will be called the Lissie formation. The total
thickness of the Lissie formation as thus designated ranges from about
200 feet in the northwestern part of the county to about 1,400 feet
in the southern part. The individual beds of sand range from a few
feet, to about 80 feet in thickness.

In the northern and central parts of the county the Lissie formation
contains fresh water at all depths, but in the southern part the middle
and lower beds contain brackish or salty water. The estimated posi-
tion of the contact between the fresh and salty water in the formation
in the southern part of the county is shown in figures 2 and 3.

BEAUMONT CLAY

The Beaumont clay of Pleistocene age overlies the Lissie formation,
and its outcrop area covers all the county south of the outerop of the
Lissie. The Beaumont clay has been described ® as being composed
of calcareous mottled clays and sand, and silt, with clays locally com-
prising as much as 80 percent of the formation. Surface exposures of
sand in the Beaumont clay are largely confined to narrow belts, which
are believed to be old stream channels. The individual beds of sand
range in thickness from a fraction of a foot to 30 feet, and locally
slightly more. Drillers’ logs of wells within a belt extending 5 or 6
miles south of the outerop belt of the Lissie formation show a distinct
contrast between the clays and thin sands of the Beaumont clay and
the thicker sands of the underlying Lissie formation. Farther south
the distinction is not so sharp, and the lower limit of the Beaumont
clay is difficult to define. The Beaumont clay thickens from a feather
edge at the Lissie outcrop to an estimated depth of about 400 feet in
- the southern part of the county. The sands in the Beaumont are fine-
textured, and it is usually more difficult to develop a satisfactory well
in them than in the sands of the Lissie formation.

s Meyer, W. G., Stratigraphy and historical geology of Gulf Coastal Plain in vicinity of Harris County,
Texas: Am. Assoc. Petroleum Geologists Bull., vol. 23, pp. 188-190, 1939.
¢ Meyer, W. Q., op. cit., pp. 190192, 1939, Plummer, F. B., op. cit., p. 788, 1932
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ALLUVIAL DEPOSITS

Deposits of Recent alluvial sand, clay, and gravel ranging in thick-
ness from a few feet to 80 feet are reported in drillers’ logs of water
wells in the flood plain and adjacent terraces of the Trinity River.
The alluvium-covered areais 4 to 8 miles wide and extends all the way
across the county. These deposits are an important source of ground
water for domestic use and stock. The water varies in chemical
quality but is usually potable.

PRESENT DEVELOPMENT OF WATER SUPPLIES
FROM WELLS

One railroad in Liberty County uses water from the Trinity River,
but with this exception all the public and industrial water supplies in
Liberty County are obtained from wells. In 1944 approximately
24,000 acres of rice was grown in the county, of which about 4,000
acres was irrigated from wells. Most of the ground water is obtained
from the Lissie formation from wells 350 to 1,000 feet deep.

Most of the wells in the rural areas are less than 50 feet in depth
and furnish small supplies of water for domestic use and stock. Such
supplies can be obtained almost anywhere in the county from shallow
wells. In the northern part of the county and in the Trinity River
Valley shallow bored or dug wells are common, but in the southern
part practically all the wells are drilled. The location of wells and
springs is shown on plate 1.

The development of ground water in different parts of the county
is briefly discussed below.

NORTHWESTERN PART OF THE COUNTY,
CLEVELAND-HIGHTOWER AREA

The railroad well at Cleveland (well 2), is 1,512 feet deep and draws
water from the Osakville sandstone-Lagarto clay sequence. It is
reported that when the well was completed in 1937 it had an artesian
flow of 30 gallons a minute., At present it is equipped with a deep-
well turbine pump and a 5-horsepower electric motor by means of
which water is raised to an elevated storage tank. The pumpage
from this well is estimated to have averaged about 220,000 gallons a
day in 1944.

The water supply of the city of Cleveland is obtained from wells
7 and 8, respectively 845 and 929 feet deep, drawing water from the
Oakville sandstone-Lagarto clay sequence. These wells were drilled
in 1938, and each had an initial yield of 350 gallons a minute with a
drawdown of 70 feet. The pumpage from the two wells is estimated
to have averaged 97,000 gallons a day in 1944.
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Well 21, about 1 mile west of Hightower, reported to have been
1,200 feet deep, also drew from the Qakville sandstone-Lagarto clay
sequencé. The well was destroyed in 1939.

Several wells in the Cleveland area are used to supply water to
lumber mills and oil pipe-line pump stations. These wells rahge from
100 to about 300 feet in depth and draw water from the Lissie
formation. .

Wells 14 and 15, about 4 miles southwest of Cleveland ih the valley
of the East Fork San Jacinto River, have small flows, although they
are comparatively shallow, the reported depth being 187 and 327 feet,
respectively. The flow of each was estimated at about 10 gallons a
minute in April 1945. The water is used for household supplies.

Well 20, about 6 miles northeast of Cleveland, supplied water for
the irrigation of 250 actes of rice in 1944. The well is equipped with
a deep-well turbine pump and a 125-horsepower Diesel engine. It is
reported to yield 900 gallons a minute.

All the wells in this area for which analyses are available yield
water of comparatively low mineral content. (See table 8.) In
general the hardness of the water decreases with depth, the water
from wells 2 and 22, the two deepest, being exceptionally soft. Some
of the shallow wells, however, such as wells 11, 20, and 25, yield very

soft water.
NORTHEASTERN PART OF THE COUNTY,

ROMAYOR-RAYBURN AREA

The Romayor area is locally well known for its flowing water wells.
Information was obtained on 13 such wells—44, 45, and 47 to 57. The
flow from nine of the wells was measured with a current meter, or with
a barrel or smaller container, and the flow from three of them was
estimated. It was noted that with one or two exceptions the deeper
wells, 580 to 808 feet in depth, have the largest flow, the flow ranging
from 152 to 205 gallons a minute. The flow from the shallower wells,
100 to 480 feet in depth, is comparatively small, ranging from 4 to 60
gallons a minute. At the time of the investigation three of the flow-
ing wells were used to supply sawmills, one to supply locomotive
boilers, two for washing gravel and for domestic supplies; and six
were unused.

Well 50, at the Santa Fe Railroad station at Romayor, used to
supply locomotives, is 645 feet deep, and has a flow of 205 gallons a
minute, the largest in the area. The artesian head in this well was
37 feet above the surface in January 1945. The well supplied an
average of only about 55,000 gallons a day in 1944, the flow being
cut off most of the time.

849474—50——2
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The nonflowing wells of the area are shallow and are used for
domestic purposes and for stock.

The water from nearly all the wells recorded in the Romayor-
Rayburn area is low in total dissolved solids. In four wells less than
200 feet in depth the hardness ranges from 11 to 135 parts per million
and averages 80 parts per million; in 11 wells between 233 and 808
feet in depth the hardness ranges from 88 to 168 parts per million
and averages 122 parts per million.

SOUTHWESTERN PART OF THE COUNTY, DAYTON AREA

The largest development of ground water in Liberty County is in
the rice-growing district near Dayton, where a total of about 4,000
acres of rice was irrigated from wells in 1944. This development
was started in 1943, and by the spring of 1945 12 irrigation wells
had been drilled. The irrigation wells are numbered 76 to 79, in-
clusive, 81, 82, and 84 to 89, inclusive. Well 87 had a flow of about
30 gallons a minute when it was visited and is reported to be 2,500
feet in depth. The others range from 558 to 1,005 feet in depth and
average about 800 feet. The water level in four of them ranged
from about 38 to about 54 feet below the surface when the wells were
measured by the writer in the spring of 1945, before the start of the
irrigation season. The reported pumping yield of 10 of the wells
(see table 6) ranges from 1,170 to 3,500 gallons a minute. Well 78
is reported to have a specific capacity of about 26 (yield in gallons
a minute per foot of drawdown), and well 82 a specific capacity of
about 20. The wells are equipped with deep-well turbine pumps
and Diesel engines.

The casings in the rice wells are perforated opposite all the prin-
cipal water-bearing sands, starting at depths as shallow as 118 to
150 feet in some wells and at greater depths in others, for example,
at 389 feet in well 78.

The boundary between the base of the Beaumont clay and the
top of the Lissie formation is easily recognized in drillers’ logs of the
rice wells and ranges in depth from 146 to 370 feet below the surface.
Most of the wells are supplied with water from both formations. The
individual sands in the Beaumont clay range from 10 to 30 feet in
thickness and are not numerous, whereas in the underlying Lissie
formation the drillers’ logs of some of the wells show sands as much
as 80 feet thick and comprising 60 to 75 percent of the sediments
penetrated. (See table 7, logs of wells 78, 82, 84, 85, and 90.)

The public water supply of the city of Dayton is obtained from wells
119 and 120, respectively 395 and 399 feet in depth. Kach well is
equipped with a deep-well turbine pump operated by a 15-horsepower
electric motor. The original yield of these wells is reported to have
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been 300 gallons a minute each, with a specific capacity of about 27.
The pumpage from the wells is estimated to have averaged 180,000
gallons a day in 1944, of which 65,000 gallons a day was used by the
city and 115,000 gallons a day by the Texas and New Orleans (South-
ern Pacific) Railroad. The water is obtained from a sand 75 to 80
feet thick in the upper part of the Lissie formation and is of fairly
good chemical quality.

As shown by the analyses of water from about 30 wells (see table 8),
the ground water in the Dayton area shows a rather wide range in
chemical content. There is a tendency for the total dissolved solids
to increase and the hardness to decrease with depth, but several
wells show exceptions to this general rule. In most of the wells of
shallow or moderate depth the water is rather hard.

SOUTH-CENTRAL PART OF THE COUNTY, LIBERTY, MOSS BLUFF,
RAYWOOD, AND DAISETTA AREAS

Information was obtained regarding 10 flowing wells in the Liberty
area, of which wells 178, 181 to 184 inclusive, 188 to 190 inclusive,
and 199, were drilled between 1895 and 1911 and well 187 was drilled
more recently. Six of these wells are in use today. Two furnish
a part of the public supply for the city of Liberty, two are used for
stock, one furnishes water for a swimming pool, and one is used for
domestic supplies.

Most of the public supply of Liberty is pumped from well 179,
which is 565 feet deep and is reported to have had a yield of 321
gallons a minute with a specific capacity of about 7 when completed
in 1939. Well 180, 351 feet deep, serves as an additional source of
supply. Both wells are equipped with deep-well turbine pumps and
electric motors. Two flowing wells, 178 and 182, respectively 680
and 651 feet in depth, also contribute a small supplementary supply.
The production from the four wells in 1944 is estimated to have aver-
aged about 115,000 gallons a day.

The ice plant of the Trinity Valley Cold Storage Co. at Liberty is
supplied from well 195, 350 feet deep, which is equipped with a deep-
well turbine pump and electric motor and has an average production
of 3,000 gallons a day.

According to the logs of the deeper wells at Liberty, the individual
sands range from 15 to 40 feet in thickness and in the aggregate make
up about 25 percent of the total thickness of the sediments penetrated
by the wells. The city water supply is obtained from sands that are
probably in the upper part of the Lissie formation. In well 168,
below a depth of 320 feet, which is regarded as the base of the Beau-
mont clay, sands make up about 70 percent of the material logged.
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" Analyses of well waters in the Liberty area show a rather wide
range in mineral content. In 7 wells, 260 to 651 feet in depth, the
total dissolved solids ranged from 312 to 750 and averaged 454 parts
per million, the hardness ranged from 63 to 234 and averaged 170
parts per million, and the chloride ranged from 46 to 303 and averaged
156 parts per million.

Twenty-two of the water wells recorded in this part of the county
are in the vicinities of Moss Bluff and Raywood, respectively south
and east of Liberty. Well 218 was drilled to a depth of 1,500 feet as
an oil test then pulled to 800 feet. It has a flow of about 50 gallons
a minute but is unused. Thirteen of the wells are less than 250 feet
in depth, and 9 range from 275 to 538 feet in depth. Well 213, 628
feet in depth, was not completed when it was visited in May 1945.
Wells 223 and 224, respectively 349 and 568 feet in depth, formerly
supplied water for oil-drilling rigs. These two wells are in Chambers
County, a short distance south of the Liberty County boundary. The
remaining wells are used for domestic purposes and stock. Logs of
nine water wells and two oil tests are given in table 7.

Analyses of samples from seven wells in the Moss Bluff-Raywood
areas, ranging in depth from 137 to 528 feet, showed an average of
750 parts per million in total dissolved solids, 300 in chloride, and 144
in hardness. Five wells less than 100 feet in depth yield water having
a rather wide range in mineral character.

Well 166, 365 feet in depth, owned by the Hull-Daisetta Water Co.,
furnishes the public supply for Daisetta. This well is equipped with
& centrifugal pump and a 5-horsepower electric motor, and the aver-
age pumpage is estimated to have been 50,000 gallons a day in 1944.
Well 173, 255 feet in depth, supplies water for an oil lease. Well 168,
3 miles west of Daisetta, was drilled to a depth of 703 feet in 1917 and
is reported to have furnished enough water by pumping to irrigate
about 500 acres of rice in 1918. The well is no longer in use.

Wells 166 and 173 yield water of relatively low mineral content,
288 and 358 parts per million total dissolved solids, respectively.
Well 175, 161 feet in depth, yields water containing 631 parts per mil-
lion of total dissolved solids and 246 parts per million of chloride.

SOUTHEASTERN PART OF THE COUNTY, DEVERS AREA

Water for the irrigation of rice in the area is supplied from the Trin-
ity River. Of the 22 wells recorded in this area, 12 are less than 250
feet in depth, and 10 range from 318 to 501 feet. Wells 227 and 237,
respectively 406 and 492 feet in depth, formerly furnished water for
the operation of oil pipe-line pump stations, but are now used for
domestic supplies. Wells 232, 245, 246, 247, and 248, respectively
232, 224, 344, 335, and 318 feet in depth, formerly supplied water for
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drilling oil tests but are now unused. The remaining wells are used
for domestic purposes and stock.

Analyses of samples from 18 wells in the Devers area show a rather
wide range in the chemical character of the water. The range in
total solids, chloride, and hardness is indicated in table 3,

TaBLE 3.—Chemical conient of ground water in Devers area

[Parts per million]}
Total dissolved s
Number Depth solids Chloride Hardness
of D
wells (feet)
Range |Average| Range |Average| Range |Average
11 92-234 274-804 504 55-300 127 110-350 203
7 400-501 420-832 644 68-344 209 55-104 69

ESTIMATED WITHDRAWAL OF GROUND WATER

The withdrawal of ground water for irrigation and for municipal
and industrial purposes in Liberty County is estimated to have
averaged about 7,500,000 gallons a day in 1944. Distribution for
these uses is shown in table 4.

TaBLE 4.—Estimated average daily withdrawal of ground water in Liberty County

in 1944

Gallons per day
Trrigation . o 6, 780, 000

Industrial use:
Railroads.. .. . _ o e- 390, 000
Sawmills. . ..o e 5, 000
Total . o o e - 395, 000

Municipal use:
Liberty e 115, 000
Cleveland _ _ . . ___ e 95, 000
Dayton . e 65, 000
Daisette_ . .. e 50, 000
Total . e 325, 000
Grand total__________ e ao.. 7, 500, 000

In computing the amount pumped for the irrigation of rice, it was
estimated that 4,000 acres was irrigated and that an average of 1.9
acre-feet of water was applied to each acre of land. In order to com-
pare the volumes of water used for each purpose the rice pumpage
is expressed as a daily average, although the water is used only during
the summer.

TEMPERATURE OF GROUND WATER

The temperature of ground water has become increasingly important
in the last few years because of the large quantities of water used for
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cooling and air conditioning. The relation of the temperature of the
water to the depth of the screens in 19 flowing or pumped wells in
Liberty County is shown graphically in figure 4. Most of these wells
have only one section of screen, and the middle of the screen section
was considered to be thé point of entry of the water into the well.
Measurements were made with a mercury thermometer, and in
pumped wells no measurements were made until the pump had been
in operation for at least half an hour. The temperature for wells of
about the same depth varies somewhat, and the heavy line in the
graph represents the approximate average. Based on this median
line, the average rate of increase in temperature is 1° F. to each 94
feet of increase in depth.

SURFACE WATER SUPPLY
STREAM RUNOFF

By S. D. Breeping’

"The principal stream in Liberty County is the Trinity River, which
traverses the county from north to south near the center and with
its tributaries drains about half the county. The eastern part of the
county is drained by the West Fork of Pine Island Bayou, a tribu-
tary of the Neches River, and the northwestern part is drained by
East Fork San Jacinto River and its tributary, Luce Bayou. The
extreme southwestern and southeastern parts of the county are
drained by small coastal streams.

Records of daily flow have been obtained for the Trinity River at
a gaging station at Romayor, near the northern boundary of the
county, since May 1924, and for the East Fork San Jacinto River at
a station near Cleveland since April 1939. In addition, records of
the daily flow of the Trinity River at Liberty have been obtained
since 1940, when the flow amounted to 4,000 cubic feet or more per
second. When the flow at that point has been below 4,000 cubic
feet per second the records have not been prepared because of tidal
effect. These records were collected by the Geological Survey in co-
operation with the Texas Board of Water Engineers and have been
published in Geological Survey water-supply papers.

Records of rainfall collected at Liberty, in south-central Liberty
County, by the United States Weather Bureau from October 1903 to
1944, with the exception of January 1933, are given in table 2. These
records show the average annual rainfall for the 40 complete years of
record through 1944 to be 51.05 inches. For the 41 years included, the
annual rainfall varied from a minimum of 29.82 inches in 1917 to a
maximum of 85.08 inches in 1919. However, the minimum rainfall for

1 SBurface water branch, U. B, Geological Burvey.
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12 consecutive months occurred June 1924 to May 1925 and amounted
to 21.82 inches. Annual rainfall of less than 40 inches occurred in
only 6 of the 40 complete years of record, namely, 1904, 1909, 1916,
1917, 1924, and 1936.

Table 5 gives runoff at gaging stations on the Trinity River and East
Fork San Jacinto River,

TaBLE 5. Runoff, in acre-feet,! of streams in Liberty County, Tex.
Trinity River at Romayor, Tex., 1925-44
[Drainage area, 17,190 square miles]

B Dally runof? Monthly runoff
Calendar year Ammlnm131
Minimum | Average | Marimum | Minimum
262 5,670 | 1,030,000 9, 850 2, 070, 000
823 17,700 | 1,380, 000 107, 000 6, 440, 000
774 15,600 | 1,190, 000 29, 700 5, 670, 000
............ 8, 830 582, 000 16, 000 3, 230, 000
793 18,900 | 2,240, 000 30,400 6, 880, 000
486 15,500 | 1,420,000 20, 800 5, 850, 000
800 |.ococeoo- 9, 560 728, 000 23, 900 3, 490, 000
1,040 21,800 | 2,090,000 35,200 7, 980, 000
803 10,300 972, 000 ' 3, 750, 000
357 10,350 | 1,200,000 185, 200 3, 779,000
1, 500 23,740 | 2,823,000 100, 200 8, 667, 000
585 8,315 677,200 21, 240 3, 000
486 8, 188 845, 600 26,100 2, 989, 000
700 17,470 | 1,750,000 28,720 6, 376, 000
417 6,379 419, 700 14, 650 , 328, 000
793 17,760 , 658, 000 25, 930 6, 500, 000
2,182 1, 751,000 158,600 | 10, 340, 000
1, 25,210 | 3,732,000 177, 200 9, 206, 000
781 10, 560 , 100 47, 240 3, 854, 000
22,230 | 3, 009 000 44,640 8, 141, 000
East Fork San Jacinto River near Cleveland, Tex., 194044
[Drainage area, 330 square miles]

85,690 15 954 184, 500 669 349, 100
26, 980 50 940 64, 310 2,210 343, 400

12, 460 v 54 555 52,040 2, 460 202,
4,920 34 254 34,930 1,260 92, 510

13,190 24 444 33, 980 998

32; :0% ac?-font is the quantity of water required to cover 1 acre to a depth of 1 foot and amounts to about
gallons

No continuous records of the flow of any of the small streams in
Liberty County have been obtained; however, sufficient periodie
measurements have been made on Luce Bayou at a point near its
mouth to show that during periods of drought its flow is very small or
may cease altogether.

The data indicate that abundant supplies of surface Wa,ter are
available from the Trinity River and other streams within the county,
but storage will have to be provided if large continuous supplies of
water are to be obtained.
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QUALITY OF WATER OF TRINITY RIVER IN LIBERTY COUNTY

Analyses of water from the Trinity River near Romayor are avail-
able in a report issued by the Texas Board of Water Engineers® Spe-
cific conductance determinations and analyses for chloride content,
with occasional partial analyses of composite samples, have been made
on daily samples collected from the Trinity River near Romayor from
October 1941 to September 1942 and from January to September 1944.

The water during these periods was generally of good chemical qual-
ity. The analyses show that the dissolved solids exceeded 500 parts
per million only on 11 days during the 21 months of study. The dis-
solved solids were less than 250 parts per million more than a fourth of
that time. The hardneds of the Trinity water was greater than 100
parts per million at most times.

astings, W. W., and Rowley, J. H., Chemical composition of Texas surface waters, 1938-1944: Texas
State Board of Water Engineers, p. 37, 1045, {Mimeographed.]
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GROUND-WATER RESOURCES OF LIBERTY COUNTY, TEX.

“£3umo)) sivquusy Ul g
‘P161 ‘geg Jodvg A1ddng-Ixepn LeaIng (8013000 *§ *) UI UASSTIO AQ POISIT T (194 UOTYA JOpUN JOqUUNN ¢
*IJUMO JO JI[[EP AQ Pa)I0dad [9AQ] JAIBM ¥
"TONBSAIT “LIf 'PAST 10U ‘N 30038 ‘g ‘019SoWOP ‘(I ‘PBOIIBE ‘g Y [BLISTPUI ‘DU ‘Arddms anqnd ‘g ¢
. 10008810 §9)8OIPUL
JoquInN ‘pusy ‘H ‘[Iwpuls ‘py ‘weasky oupdue oupjoses to 583 ‘p D00 ‘g tlomod  ‘19¥enq pus oddi ‘g ‘opumido ‘D ‘4NI[ 18 ‘Y ‘TeSmyiijued ‘Jp ‘eurqing g, qifdo dund ¢
‘ ' | ! “Jutod SULIMSEaUl QA0 [9AS] J9JBM sejealpul (+) snid 1

*(g *ON 3406T) 1599 [10 St
-[[Np loj Jajem porddng

'709] 8T 01 §.Z 9B WRRDg | N |TTTTTTTTITmoomos At Ml Rty bt o (2 op~TTTT| T B 858

*(g 'ON 340¢]) 9899 {10 3ur

-[[1Ip 10} Ix8am porddng *SI0

*199) ggg 03 QIE 98 Wodldg | N[ |TTTTTTTTUTT[mmmmmomommsossimesomsoienemocesesesesos 9 |geg 51l ek (2 e op-=T -A9(I JO g SOIIWL 6 | 15T
“3o[ e0g moa

'ON 140q) 903 [0 SUj

-[[LIp 10} Jojem porddng *S1I0A0(T

"399) 968 O FIE 98 WeAIdg | N  |TTTTTTTTTTTnjToTmmmometoojmosssosiessoosioossesoess 9 [pbE | gEBT |~7TTmTTTTTT (2] S op~TTT Jo g sofiw %46 | 9%C

‘301098 (61
‘ON j4og) 1891 [io 3u R
-[[HIp Joy Iajesm porddng o |7 'S39

‘199 GOZ 0% 28T 98 UdAIdg S ettt il il e I L (95T 157 0 e di0p 1O JInp |~ 1809 ‘M "E | -49Q 1O ..mmk wwm%a i
s‘a | MD T 0%61 9Ty| O [Tt T [0gT 1074} 38 i REI0 VAN Sl I BUSAV L " {0 'S sellw AR | 7%
"8T61 ‘S10A0(T .
*3199] 007 03 06€ 18 WAAIE | §°‘A |T7TTTM D | 19qUOAON gTy| O [T Z 007 886T |77 NIYM HOBL ("7 op~TTT jo "gs mdwww%ﬁ 344
*399J €07 01 168 ww wwoaom s‘a |~ Mo~ 161 AIng Slsy| 0 |G [eow W61 |~ woSAYOY [med |~ 1409 "M "H | JO "HS Salwr 46 | TT
K S N N
‘srowo)smy g serpddng ‘0D 3aiua
‘199] 66% 01 €8F 1B WIAIDG [ S e S0 o ol 313 - i L3 7 (1730 2% I B it 2 (108 SPOT | TIOM  JOJBM  SIJIg "7 wodup ‘V'H [T mmgoa uaf | 5%
*SroAo(@
S S I 1 o TN 0361 | OIs| O |77777777" 2 (008 (1 WWSQY —— |~ WL | J0 ts s nW@ 07
“SI9A!
'100] g6 03 LL B WRANDG | ‘A V77T MO |TTeReT‘erTeL | By | O [T 341 (36 0¥61 |~~~ "peaus3uljoH —— |~""7"""" I “qIe[) “H L | JO ES senw 34y | 668
“seakorduIa Joy
198M Suiyulp soiiddag ‘0D Sulnu “UOIIBII0SSY SI19
*190] ZIT 0} g6 e U3RI0g d |"HiEe | 61 oungp ly| O |t g |L0L W61 | IOM  J9IBM . 01IJ | -M0Ip OJY WeILdWY |~~~"""""" SIeAd(I U] | 88%

*30] 99g  "199} g6¥ 03 .
6z7% 18 wealog ‘quesord
78 A1ddns 213sotaop ‘©ol}

-e1s dwnd outpadid 0% ! ‘S10A9(]
aojes poNddns AMowOg | @ [TTTTTTTUV [T-greT0zeump [zrer (80T | - 1 ~0p ouyy odid rePWS | Jo “E SO g | 162
comderomp,, | @ |TTTH'D | o0pTTTUISTTL gt |ttt T s R op=7| jo g Mmmmwmxa 9e2
«TIos S19)EnbPBIH,, | §°A |7 D [T opTTTTUOR T (05 T I 0PI 10 Ta s | g
eouid moszeag,, | 8T [T MO [TTIGRET LT TUEL 10651 |87 [T R e oJeIOSIIA H '| [ JO ' SOIW g | 568

R o¥el | 8Isl| o |--ooeooeeo e ROU SO SSof |-==m-n- - AR s .
*}90] 01Z 07 10 8 T0Idg a | oﬁ ........... 1861 E,v 0 ¥ |01 2861 peoysurfion ssef 1409 "A "H | "SALE IO SONW | £55



40

CONTRIBUTIONS TO HYDROLOGY, 1945-—47

WELL LOGS

TABLE 7.—Drillers’ logs, Liberty County, Tex.
Well 2, Gulf, Colorado & Santa Fe Ry. Co., in Cleveland

Thick- | Thick-
pes” | Tt | B
(feet) (fost)
44 4 13 918
62 106 3 921
Y. 13 119 9 930
Sand and gravel 27 146 15 945
Rock.__ - 3 149 12 957
66 215 8 965
24 239 6 971
34 27 9 980
55 328 127 1,107
137 465 21 1,128
35 500 42 1,170
1 501 10 1,180
26 527 25 1,205
40 567 2 1,207
23 590 32 1,239
5 595 6 1,245
7 602 5 1, 250
9 611 30 1, 280
13 624 5 1,285
68 692 52 1,337
18 710 58 1,395
7 7 21 1,416
33 750 35 1,451
20 770 13 1,464
24 794 14 1,478
45 839 34 1,512
66 905
Well 4, Humble Oil & Refining Co. (Campbell No. 1), 74 miles south of Cleveland
Surface sand__________.________._. 12 12 || Sand and boulders...........____. 28 759
Sandy clay-. 13 25 || Gumbo and lime. .. - 41 800
Sand._____ 13 38 || Shale and lime____. . 18 818
Clay____ 22 60 || Tough sticky shale_ - 18 836
Sand..__ 26 86 | Rock. .o .oocoooooooe - 1 837
Clay_.__ 5 91 || Sticky shale.__ _ 16 853
Gumbo.. 13 104 || Gumbo__________. - 54 907
Shale.____ 27 131 || Rock_..oooooo.. - 1 908
Sand.._. 42 173 || Gumbo - 27 935
Gravel__ 64 237 || Sand_.__. - 9 944
Shale. .. 11 248 || Gumbo.__ - 43 987
Sand and gravel_ 13 261 || Sand____.____ - 3 990
Sticky shale__. 22 283 || Sandy shale_. - 26 1,016
hal 24 307 || Gumbo..____. - 4| 1,060
5 312 {| Roek_.._.. - 1 1,061
17 329 || Gumbo... - 9 1,070
44 373 || Sand. ... - 40 1,110
3 376 || Gumbo___________ - 34 1,144
40 416 || Sand and boulders. - 16 1,160
17 433 (| Gumbo___.____._. - 32 1,192
32 465 || Hard sandy shale___ _ 3 1,195
21 486 || Gumbo and boulders._ 9 1,204
5 491 9 1,213
20 511 3 1,216
4 515 24 1,240
15 530 5 1,245
4 534 121 1,366
47 581 2 1,368
Sand and boulders..._______._._. 19 600 17 1,385
Hard brownsand. ___._______.__._ 12 612 15 1,400
Sand._._______ ... 8 620 3| 1,403
Gumbo and lime. ... 108 728 16| 1,419
_____________________________ 3 731 62 1,481




GROUND-WATER RESOURCES OF LIBERTY COUNTY, TEX.

TaBLE 7.—Drillers’ logs, Liberty County, Tex.—Continued

41

Well 4, Humble Oil & Refining Co. (Campbell No. 1), 714 miles south of Cleveland—Continued

Thick- Depth Thick- Depth
aesS | (feet) TS | (feet)
(feet) (feet)
Sand. ... 21 1,502 || Hard sand and shale_........_.__. 10 1,686
Gumbo..___._.._._.... 39 1,541 || Shale and lime 18 1,704
Sandy shale_ . ___.._ 40 1,581 (| Gumbo._____ 4 1,708
Rock ______________ 2 1,583 || Gumbo and lime 47 1,755
Gumbo.____..._______ 1 1,594 || Gumbo and lime, sand and
Sticky shale and lime 11 1, 605 boulders___ ... _____.__._ 62 1,817
Packsand_ ... ___.____ 5| 1,610 | Sand______.________. 52 1,869
Sand_....____._._.. 10 1,620 || Sand and boulders. 16 1,885
Sticky shale_______. 6 1,626 || Gumbo__._________ 7 1,892
Gumbo and lime 2 1,628 || Tough gumbo. 55 1, 947
Shale and lime..___ 1 1,629 || Gumbo_._. 2 1,949
Sticky shale and lim¢ 28 1,657 || Sandy sh: 32 1,981
Shale and lime - 15 1,672 || Gumbo._. ..o . 19| 2,000
Sand and shale_.__.______ 4 1,676
Well 5 (partial log), Humble Oil & Refining Co. (Hornbeck No. 1), 2 miles southwest of Cleveland
Surface clay .. oocooooomoe oo 55 55 || Gumbo and sticky shale 35 1,715
Quicksand______________ 50 105 || Sandy shale._.______...... 35 1,750
Clay and gravel.__.__ 207 312 Gumbo____ ... ______ . ____ 18 1,768
_______________ 1 313 || Sand and sandy shale with
Sand and boulders.. 59 372 streaks of lime___ ... 30 1,798
Norecord._..___... 248 620 || Stickyshale _._____.____..____... 13 1,811
Gumbo__.__.._____.__ 15 635 || Sticky shale and gumbeo.._..__._. 19 1,830
Sandy shale._...__.__ 60 695 || Roek . oo . 1 1,831
Gumbo___________________ 20 715 || Watersand_________.____.___._._. 19 1,850
Sandy shale and boulders. 170 885 || Sticky shale and gumbo.__._____. 30 1,880
umbo____.______________ 15 900 || Watersand... oo coooooooo_o 11 1,801
Sandy shale and boulders. 45 945 || Sand___ .. .. 14 1,905
Sticky shale and gumbo. . 172 1,117 || Stickyshaleand gumbo._...____.__ 15 1,920
Rock. ... 1 1,118 |} Hardroek.___..__.__.__.___ 1 1,921
Gumbowith streaksof shale______ 91 1,209 || Watersand and red shale_. 4 1,925
Gumbo with streaks of sticky Sand and broken lime...- 10 1,935
shale.. . __...____.__. - 76 1,285 |} Gumbo and hard shale_ 30 1,965
Sand and shale_ 6 1,291 || Brokenlime, shale, and gumbo___. 120 2,085
Fresh water san 3 Shale and gumbo. - 215 2, 300
Sand and shale.__________ 6 2,310
Broken lime and gumbo, 2,313
shale. . _____ 96 2,315
Sandy shale 5 330
Sticky shale with streaks of lime 24 345
Broken lime and sand 2 3556
Coarse-grained sand._._ 4 430
44 445
85 460
495
88 506
3
29 5,633
- Well 8, City
Surface s0il. ..o f L 6 434
Soft yellow clay......_._. 14 495
6 497
24 526
29 527
2 610
29 636
5 646
30 751
61 770
11 791
17 813
51 830
Boft yellow clay and sand 4 910
Sand and gravel........ 25 926
Clay with sand breaks.__ 21 929
1Y - o e e 98
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TaBLe 7.—Drillers’ logs, Liberty County, Tex.—Continued
‘Well 9, Black Gold Petroleum Co., 54 miles southeast of Cleveland

Thick- | pepth Thick-| pepth
(feet) 7 (feet)
(feet) (feet)
10 10 || Sand and gravel.......o......._ 21 88
33 43 1| Clay o o o eieeeae 7 95
24 67
Well 10, Russ Mitchell Co. No. 1, 3} miles southeast of Cleveland
Sand and gravel..._.____....____. 112 112 || Sand and gravel. ..o oooo.o_..__ 104 304
Sandy shale._._.___________._.____ 88 200 -
Well 20, M. A. Ellis, 53{ miles northeast of Cleveland
Sandy soil ..o .. 2 2 || Gray sand (g00d) -cccooeoaaoo 29 125
Redelay ... _______________. 10 12 Y - e e e e emenne 30 155
Fine red sand and streaks of clay. . 30 42 || Broken, fine, brown sand and
‘White sand (good) ._____________.. 18 601l elay. oo oo emee 21 176
‘White sand and streaksofclay._.. 48 224
Clay 2 226
Hard red to pinksand.________.___ 38 18 255
Sandy red clay 21 2 257
Brownsand _______.________.__._____ 21 1 258
QGravel and streaks of sandy clay.. 18 2 260
Ao 19 8 268
Sandy clay.. - 7 6 274
Gravel______ - 2 32 306
Sandy clay.. - 3 48 354
Gravel._.__.__ - 11 2 356
‘White sandy elay_..__... - 9 44 400
Tough cream-colored clay . - 24 4 404
Rock. ... - 1 26 430
Sand and gravel .________________ 16 4 434
Hard brown, red, and white clay. . 47 6 440
‘Well 27, Russ Mitchell
69 9 140
10 11 151
5 6 157
13 3 160
33 47 27
1 il 284
Well 28, Russ Mitchell Co. No. 3, 103 miles southeast of Cleveland -
8 8 || Fine gray sand 51 170
16 24 || Shale__._.___. 6 176
61 85 || Sand and gravel._ 26 202
34 119 || Fine-grained sand__.._.____....._. 2 204
Well 29, M. N, Cunningham, 934 miles southeast of Cleveland
3 3 || Hard clay- oo cooomoomocoes 2 206
9 12 || Coarse red s 15 221
6 18 || Hard clay._ 72 293
49 67 || Sand and gravel_. 12 305
29 96 || Hard clay.__.___ 2 307
21 117 || Sand and gravel 4 311
6 123 || Hardclay._.._. 10 321
40 163 || Sand and gravel__ 15 336
23 186 || Hard clay.._._. 10 346
12 198 || Medium gravel. 5 351
6 204 | Clay oo e 17 368




GROUND-WATER RESOURCES  OF LIBERTY COUNTY, TEX.

TABLE 7.—Drillers’ logs, Liberty County, Tez.—Continued
‘Well 40, Mrs. Corine Brown, 11 miles south of Romayor

43

Thick- | peptn Thick- | pyph
s | (teet) fonty | Ceet)
(feet) (feet)

16 130

3 133

9 142

32 174

Topsoil . ... 12 12 || Sand and shale. .. ooooioiaan 150 570

Shale and sand, showing of dead Gumbo._.__ ... __ 5 575

.............................. 173 185 |1 Oil sand (blow-out) - 18 593

Blue gumbo_ . __........ 100 285 || Gumbo. ... oo 47 640

Shale and packsand - 95 380 || Sand with salt water.___._.._.._. 22 662
Gumbo, showing oil..__. ... ... 40 420

Well 48, T. B. Allen & Co., 2 miles east of Romayor

10 10 || Gravel ... .. 19 210

70 80 || Rock and sand__ 30 240

20 160 || Clay and gravel. 160 400

40 140 || Sand__._____.__. 20 420

20 160 || Clay and gravel..___.___ 50 470

20 180 || Thin layers of ‘“‘rocksand 12 482

2 182 || Shale.__.__._.._...._..._ 38 520

6 188 || Clay and gravel. 30 550

3 191 || Watersand.—. ... .. ... .. 109 659

‘Well 50, Guif, Colorado & Santa Fe Ry. Co., in Romayor

7 7 Gumbo.... . 17 302

39 46 || Sand.-. 40 342

12 58 || Bhale_______. 43 385

32 90 || Very hard sand. 20 405

34 124 || Gumbo.__._. 67 472

17 141 || Hard sand___ 12 484

7 148 || Hard gumbo._ 8 492

21 169 || Hard sand___.__.__ 40 532

63 232 || Salt and pepper sand. _ 64 596

29 261 || Very rough sand__. 14 610

24 285 ale. .. 35 645

Well 52, Texas Construction Material Co., 415 miles southeast of Romayor

Clayandsand_._._.._..._._.____. 24 24 || ROCK . oo oeceaas 1 380

Sand and gravel_ - 26 50 || Cleansand..._ 11 391

_____________ - 8 58 || Clay and gravel. 5 396

Sand and gravel_ - 72 130 || Sand and gravel_ 20 416

Clay and gravel ... - 16 146 || Sand. ... ... __ 26 442

Sand and gravel_____ - 26 172 Sand and gravel_ 62 504

Hardclay...___..... _ 68 240 {| Shale_________________. 11 515

Sand and gravel.._. - 12 252 Sand clay and boulders. 15 530

Clay_ ... ... - 26 278 || Shale______...______.._. 102 632

Sand and gravel... - 17 295 Sand and gravel_ 96 728

Gravel_______..... . 52 347 {| Shale and gumbo._ 21 749

Shale__._ - 3 350 || Sand and gravel 59 808
Gravel. ... 29 379

Well 69, Concord school, 415 miles east of Romayor

Soft elay ..o 24 24 || Soft sand__.. 53 95

Sand and gravel. 13 . 37 || Medium clay - 9 104
Medium elay. .. .....__...._._. 5 42
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CONTRIBUTIONS TO HYDROLOGY, 1945—47

TaBLE 7.—Drillers’ logs, Liberty County, Tex.—Continued
‘Well 70, Boyd Sewell, 434 miles east of Romayor

Thick- Thick-
ness ]?i:gg’ ness %‘;gg‘
(feet) (feet)
8 109
1 110
18 128
1 129
4 133
2 135
‘Well 75, Chas. B. Peterson No. 2, 4 miles northwest of Dayton

Shaleandeclay...._..__.___.______ 60 60 || Hard packsand____.__..__________. 19 1,535
M S 233 343 || Shale and gumbo__ 75 1,610
Blue gumbo_..________.___________ 64 407 || Sand and boulders._ 17 1,627
Sand and gravel _______.________. 22 429 || Gumbo and boulders__ 46 1,673
Shaleandsand._______.__________ 91 520 Hard sand________.__ 21 1,694
Hard sand and gravel_. 35 555 || Rock______________ 2 1, 696
Shale and sand. 40 595 Sand and boulders 6 1,702
Gumbo and sand 115 710 umbo. ______.__ 16 1,718
Shale and sand - 25 735 || Hard sand and b 14 1,732
Shale and gumbo._.__.____.______ 17 752 || Gumbo..___.___. 14 1,746
Rock. ... ... 4 756 || Lime rock.._._____ 6 1,752
Hard sand and boulders__..__.___ 24 780 || Gumbo and sand._ 195 1,047
Gypand gambo.___,____..____.__ 14 794 || Sand and boulder_ 4] 1,951
Sand and shale_ 46 840 || Gumbo._.______..___ 34 1,985
Sand and rock_ 17 857 || Hard sand and shale 39 2,024
umbo__ _______.____________.___ 15 872 || Gumbo and shale. _ 121 2,145
Hard sand and boulders._...._.___ 68 940 || Gypsum.________. 2 2,147
Roek. ... .. 5 945 || Shale and gumbo.__ 41 2,188
umbo. ... 58 1,003 || Hard sticky shale_ 24 2,212
Rock___ .. 2 1,005 || Shellyelay..__ ______. 53 2, 265
Sand and boulders_ . _____________ 25 1,030 Gyp, rock and blue shale_ 15 2,280
Shaleand shell___________________ 20 1,050 || Shale_______.__________ 50 2,330
Sand and boulders. ______________ 12 1,062 Gy ........ 1 2,331
Gumbo and sand._________________ 119 1,181 || Gumbo and shale. 311 2,642
Gumbo and gypsum . ___________. 4 1,185 || Hard shell ________ 38 2,680
Hard sand and boulders._________ 29 1,214 || Gumbo and shale_ 70 2,750
Shaleand shell . ____.______.______. 224 || Lime rock_____._____ 18 2,768
b 23 2,791
35 2,826
21 2, 847
5 2,852
9 2,861
27 2,888
______ 3 2,801
...... 8 2, 899
3 2,902
50 2,952
23 2,975
8 2,083
424 3,407
22 462

10 47
68 540
12 552
14 566
16 582
12 594
24 618
7 625
85 710
15 725
5 730
42 772
5 77
30 807
5 812
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TaBLE'7

Well 82, Raiph Graves, 54 miles northwest of Dayton

7.— Drillers’ logs, Liberty County, Tex.—Continued
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f

Thick- Depth Thick- Depth
Bess | " (feet) RESS | (eet)
(feet) (feet)
Surface .. e ieceaooos g 9! Bardshale____.______.__...___._. 5 330
Sandyelay. oo oo 35 44 || Sand and streaks of hard shale_.._ 28 368
Sand and clay streaks 2 56 || Shaleysand..__ - 6 364
Joint clay. - 34 90 !I Sand (good)._. - 58 422
Sandy clay 2 110 || Shale and sand. - 17 439
Hard shale n 117 |} Sand (good) i3 452
Shale.._____. 29 146 || Sand and boulds 4 456
Sand (800d) - me oo e 57 203 || Sand, shale, and boul - 16 472
Sandyshale. ... ___..._.__.__ 10 913 || Shale and lme_._..... - 8 420
Sand and streaks of shale._____.__ 11 224 11 Sandy shale. . - 3 483
Sandyshale ... .._._.o_..._... 6 230 || Sand (g00d) - ooeooooaoo- 14 497
Sand and streaks of shale______... 21 251 || Hard pack sand and boulders.___ [ 502
Sandy shale._ _ 5 257 || Sand_.__. e eaen 12 514
Sand (good) - 275 || Bardsand .. __.__.. ... ... ._. 2 516
Hard shale. . 283 || Sand . i caaoas 19 535
Sand..____ 315 1| Shale_ . ____ ___ ... 4 539
Hard shale. _.__........_..__ 313 || Sand and boulders - . _..__.._._. 14 553
Sand and boulders 325 || Shale and sand boulders__...__._. 5 558
Surface clay ..o 18 412
Yellow elay . o ooo.coooo. 12 424
6 430
54 484
29 513
40 563
32 585
20 805
79 6384
40 724
15 738
93 832
2 834
Well 85, E. J. Stoesser, 73{ miles west of Dayton
Sandy 101 I 3 3 || Sand (good) 87 509
.......... - 17 206 {| Hard shale_. 8 515
Sandy clay.. —ooaeo . 2 41 || Sand (good). 17 532
Clay and sandy clay. _ 92 133 || Shale .._.___ 3 535
Sand (good)...__.._ R 31 164 || Sand (good) 45 580
Clay.oo.oo.._ R 2 186 || Sandy shale 5 585
Sandy shale . _ 16 202 || Shale____.____.._._... 13 598
ale_________.. . 10 212 || Sand (good)...__._ 12 610
Sandy shale- .. - 10 222 || Sticky shale __._.. 14 624
{ S - 22 244 || Sandy shale._.___. 8 830
Sand (good).... - 19 263 (| Sticky shale._._____.. 15 645
Sandy shale.__. - 13 276 || Sandy shale._._._ 5 850
Sand (good).-._. - 58 334 || Sand (good)._.._ 37 687
hale__ ... ___._..____. - 7 341 || Shaie...___.__... 13 700
Shale and layers of sand._ - 22 363 || Sand._________.___. 55 755
Send (good) .. . ... - 31 394 || Sand and gravel ...... 27 782
Hard sandy shale - 20 414 || Fine sand and boulders. 20 802
Shale. . el 8 422 || Hard shale_ ... _____.___._____..___ 6 808
Well 90, Peterson and Sterling, 4%{ miles west of Dayton

Soil ....... . 3 3 11 404
Clay......... - 83 66 74 478
Buckshot clay.._ - 85 151 35 513
Soft clay and gumbo. - 176 a27 77 590
Fine-grained sand. .. - 16 343 2 592

Coarse-grained sand......___..... 50 393
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TaBLE 7.—Drillers’ logs, Liberty County, Tex.—Continued
Well 91, Chas. B. Peterson, 414 miles west of Dayton

Thick- Depth Thick- Depth

pesS | Geet) o | (teet)

(feet) (feet)

21 21 1, 040
138 165 1,041
171 336 1,127
5 341 1, 163
10 351 1,165
48 399 1,203
] 405 1,217
15 420 1,220

55 475 L2
15 490 1, 258
6 496 1, 244
27 523 1,302
70 593 1,328
49 842 1,330
5 647 1, 340
13 660 1,343
66 726 , 283
12 738 1, 413
10 748 1,419
12 760 1, 598
12 772 1, 604
15 787 1, 650
25 812 1, 665
15 827 1,682
11 838 1,702
19 857 1,716
12 869 1,730
2 871 1,754
9 880 1, 790
35 915 1, 808
21 936 2 1,810
40 976 7 1,817
3 979 R3] 1, 846
6 985 || Rock. oo 64 1,910

Well 92, Patrick & Tyrrell Drilling Co., 7 miles west of Dayton
94 94 Fme-gmmed sand 7 143
15 109 58 201
2 111 25 226
13 122 |} Roek. . ... 1 227
5 134 || Fine-grained sand.. 11 238
2 136 || Medium-grained san 18 256
Well 105, San Oil Ce. (Quintette No. 1), 814 miles nerthwest of Dayton

Yellow surface clay_ ___.____._____ 20 20 || GUMDBO. oo 6 679
Blue shale..__ ... 13 33 1 Sand ... 28 705
Whitesand...__...__._.._____ 20 53 || Shale oo 25 730
Sand and elay. .. ... 105 158 || Gumbo. . 65 795
White quieksand.._._..._.___ 13 191 [} Roek. ... ... 4 799
Blueshale..__..._._._._.._ 9 180 1| Gumbo. .. .. 7 806
White sand__..__._._._..__ 6 186 || Shale...._ - 12 818
Blueshale ... 7 193 || Gumbo. ..o 27 845
GumbO- oo 47 240 {| Yellowelay ... 10 853
Sand and gravel- 85 325 il Gumbo.. ... 20 375
Gumbo......_.__ 22 347 || Clay._ . e 9 384
Sand, putty sand.._. 11 358 || Gumbo____..________..._ 6 290
Sand and gravel._. 79 437 || Sand, putty sand..._.._. 5 395
6 443 {| Limestone....._.. 1 896
22 465 || Sand, putty sand... 8 904
16 481 || Coarse-grained sand 6 w10
15 496 23 933
17 513 9 942
14 527 18 958
3 565 3 961
32 597 64 1,025
4 6501 11 1, 036
12 613 2 1,028
8 821 22 1, 060
3 660 5 1, 065
12 672 47 1, 112
1 673 |l Shaleand rock. ... ..o ... 12 1,124
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TaBLE 7.—Drillers’ logs, Liberty County, Tex.—Continued
Well 105, Sun Oil Co. (Quintette No. 1 ), 614 miles northwest of Dayton—Continued
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Thick-

Thick-

Depth Depth
ness ness
(feet) (feet) (feet) (feet)
Limestone 2 1,126 || Hardshale ______________________ 27 1, 552
Sand, putty sand_._._.__. 7 1,133 || Shale and gumbo._.___.___.._____ 39 1,591
Limestone______.__...._._ 1 1,134 || White shell and rock. ......__.._. 7 1,598
Brown and blue shale. ___ 33 1,167 || Blueshale .. ... . ... __ ... 32 1,630
No record - 78 1,245 || Soft rock ... . .. 2 1,632
Boulders (concretions) and rock._ 4 1,249 | Gumbo.__ .. 8 1,640
- 41 1,290 || Hard blue sand with strata of
5 1,295 T0CK o 10 1, 650
4 1,299 |1 Blue gumbo. 30 1,680
7 1,306 || Rock__.__ 3 1,683
&6 1,392 || Shale._. 8 1,691
6 1,398 || Hard sandstone 2 1, 693
8 1,406 || Blue shale and blue sand, very
14 1,420 slight showofoil . ______________ 12 1,705
34 1,454 || Blue shale and thin strata of rock. 13 1,718
7t 1,525 (| Blueshale ... .. ... 45 1,763
‘Well 106, Taylor-Dayton Co., 724 miles northwest of Dayton
Black dirt. ... .. 6 6 || Blue marl and boulders 3 232
Blue clay_ 22 28 || Blue marl. 6 238
‘Water sant 8 36 || Boulders.. . 3 241
Blue marl . 37 73 |{ Blue marl, g: 32 273
Quicksand._.___._____ 12 85 || Quicksand.__.._ . ... .. 47 320
Blueclay ... ..____.__ 15 100 || Water sand 6 326
Boulders (sandstone)._. 2 102 || Quicksand._._.____ . ....__.______ 3 320
Quicksand .....____._._. 39 141 |} No record except blue marl at top- 271 600
Bluemarl _._____._____ 66 207 || Limestone.. ... .c.oooocooon_C 200 800
Boulders. __._______ 2 209 (| Rocksalb_ oo oo 400 1,200
Coarse quicksand ____.__..._ ... 20 229
Well 109, Heal & Brown, 5 miles southwest of Dayton
Soillandelay. ... ... 26 26 42 287
Fine-grained sand. . 5 31 16 303
Shale and elay...._. 88 2 305
d 99 5 310
170 87 397
175 6 403
245 4 407
ity of Dayton No. 2, in Dayton
52 || Sandyshale ... . _..__._..___ 11 170
63 || Shale. 43 213
70 97 310
72 75 385
113 14 399
159
‘Well 121, The Texas Co. (League No. 3). 94 miles south of Dayton
o1l 1 1 || Blueshaleand shell _____________ 36 863
Clay_ . __ 21 22 || Blue sandy gumbo. - 94 957
Yellow clay and gravel. 62 84 || Blue shale and shell. 61 1,018
Sand and elay.____..___ 37 121 || Graysand and shell______._____.__ 16 1,034
Blue gumbo________._____ 260 381 {| Gumbo and lime, sandy_......... 65 1,099
Shale, sand, shell, and gravel. 56 437 |l Blue shale and shell._._.______. __ 24 1,123
Gray sand and shell._.____. - 33 470 || Blue sandy gumbo_.._...__.__.__ 28 1,151
Blue gumbo._._________. - 34 504 || Shale and boulders............._. 68 1,219
Gumbo and shell, sandy - 57 561 || Bluegumbo________ .. _....__ 17 1,236
Blue gumbo_.________._ - 44 605 {| Blue gumbo and lime._ 28 1,264
QGray sand and shell. . 46 651 || Gumbo._...__.._.__.._ 52 1,316
Blue sandy gumbo_ ... 58 709 || Shale and lime. 19 1,335
Shale, sand, shell, and gravel. 48 757 || Brown gumbo__ _ 39 1,374
Blue sandy gumbo..._..____ 32 789 || Blue shale and lime_ 37 1,411
Blue gumbo... ... 38 827 || Bluegumbo_________._.___ ... 17 1,
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TaBLE 7.—Drillers’ logs, Liberty County, Tex.—Continued

Well 122, C. A. Grebey, 13{ miles northwest of Dayton

Thick- Depth Thiek- Depth
oS | (et Toon | (feet)
(feet) (feet)
Clay oL 140 140 || Clay_ ... 14 164
Fine-grained sand..__..._...__.__ 10 150 Coarse grained sand___________.__ 29 193
Well 140, Sudermann-Dolsen Co., 61{ miles north of Dayton
60 60 35 145
13 73 40 185
17 90 40 225
20 110
Well 141, Russ Mitchell Co. No. 4, 33{ miles north of Dayton
23 23 || Hard shale__._____________. 122 300
8 31 || Sticky clay. 64 364
89 120 || Fine-grained 41 405
58 178 || Sand. .o 8 413
Well 146, L. E. Wiggins, 13 miles north of Liberty
Yellowelay_ . ... 65 65 | Clay. o . 4 83
F¥ 11 D 14 79 Sa.nd and gravel ___.____________. 33 116
Well 148, J. E. Dillon, 1314 miles north of Liberty
22 22 || Coarse-grainedsand______________ 20 109
22 44 || Fine-grained sand 17 126
22 66 || Clay.. .. . ____.______ 69 195
23 89 || Sand and gravel__________________ 18 213
Well 149, John Morgan, 121/ miles north of Liberty
Yellow elay oo oo oo 15 6|l Clay . 3 87
Tight fine-grained sand .. 6 21 {| Hard packsand.- 13 100
Yellowelay___._._.._____ 31 521 Clay. - 29 129
Fine-grained sand...._.. 2 84 Sand and gravel ______________._. 63 192
Well 151, L. Daffern, 103{ miles north of Liberty
Yellowelay- ... ... 60 60 {| Coarse-grained sand._.__..__._.._ 41 122
Blueclay . ____ . _________________ 21 81 || Shale.____________________________ 3 125
Well 152, Morgan and Morgan Lamber Co., 73{ miles north of Liberty
60 60 Clay with lensesof sand__________ 28 1145
26 8 [| Clay_ .. ... 15 160
29 115 Blue sand; g 22 182
2 117 || Good san 46 228
Well 153, Hardin Baptist church, 734 miles north of Liberty
Softsand... ... 4 4 |} Coarse-grained sand.___.__.______ 18 88
Softclay. ..o oo 66 70 || Mediamelay ... ... _._.____ 11 98
Well 154, John Rosnick, 7 miles north of Liberty
Clay - o e 50 50 || Clay_ oo el 28, 110
Sand and gravel____._____________ 32 82
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TaBLe 7.—Drillers’ logs, Liberty County, Tex.—Continued
‘Well 155, Humble Oil & Refining Co. (Partlow No. 10), 814 miles north of Liberty
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Thick- | p, epth Thick- | 1, epth
footy | (feet) oo | (feet)
(feet) (feet)
- 2 2 || Lenses of sand and clay- 35 151
Ciay. _ _ 10 12 176
Sand and gravel._. - 26 38 189
Clay_ ... ____ - 4 42 219
Sandy clay_________ - 56 98 230
Sand. . 18 116
191
205
228
242
253
- 257
1Ay e 18 177
Well 157, Humble Oil & Refining Co. (Johnson No. 1), 9 miles north of Liber ty
Redsand. .. ... oo oo __ 42 42 |} Very finegraysand.._____________ 30 126
Redelay_ .. .. _._.._. _ 20 62 || Sand with lenses of shale - 26 152
Sand.____._.. - 4 66 || Sand and gravel__.______ _ 15 167
Sandyclay...__...... 4 70 (| Blue clay___..___. - 10 177
Fine sand, “‘sait and pepp: 20 90 || Sand and gravel___ - 23 200
Tough red elay _________. 6 96
Well 158, James R. Nowery Drilling Co., 72 miles north of Liberty
Sand and gravel__.__.______._____ 36 36 || Gravel. s 5 207
lay_ .. - 60 96 || Clay. . ... 13 220
Fine-grained sand._ __. - 22 118 || Streaks of clay and gravel. 13 233
151 S, N 43 161 (| Clay. oo oo 8 241
Fine-grained sand. - - 35 196 || Fine-grainedsand.________._______ 13 254
Streaks of sand and clay._ 6 202
Well 159, Humble Oil & Refining Co. (Partlow “A’’ No. 8), 83{ miles north of Liberty
2 2 || Lenses of sand and clay 35 151
10 12| Sand_______._______.___. 24 175
26 38|l Clay._...__. 6 181
4 42 || SBand and gravel_ 35 216
56 98 || Toughelay . . _________..__ 2 218
Sand. ..o 18 116
Refining Co. (Hardin Camp well), 8/{ miles north of Liberty
12 12| Clay. o . 41 109
23 35 |} Sand and grave 29 138
15 50 {| Blue clay._.._ 37 175
18 68 || Sand and gravel__.__ ... _____.__ 51 226
‘Well 164, Mrs. A. Cessna, 814 miles north of Liberty .
Surface sand ... ... ..o _..__ 3 3| Graysand ... oo 21 86
Yellowelay_ ... ____.____ 38 41 || Yellow clay.. 69 155
Clay streaks and sand. 24 65 || Graysand .. ..ocoooooeoeoe. 37 192
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TABLE 7.—Drillers’ logs, Liberty County, Tex.—Continued
‘Well 166, Hull-Daisetta Water Co., 11 miles northeast of Liberty

Thick- Depth Thick- Depth
foopy | (teet) Jos | (teet)
(feet) (feet)
Clay. oo 20 20 5 96
Fine-grained sand..______..______ 10 30 60 156
Coars&grained sand ... _._.__._. 33 63 19 175
1 64 23 198
11 75 (] 204
Clay. e 3 78 30 234
Coarse-grained sand______________ 4 82 3 237
Yellowelay. . ... _________ 3 85 71 308
Coarse-gragned sand . ___._________ 5 90 57 365
2 E: NI 1 91
‘Well 167, Joe Haines, 10}{ miles northeast of Liberty
Toughelay. . .. . ... _._ 53 53 || Toughelay.  _ . . ... _.____ 5 84
251 oL 26 79 || Sand and gravel_._______._.___._. 22 106
‘Well 168, Liberty Ranch Co., 714 miles northeast of Liberty
Yellowelay_ ... ... 120 120 21 529
Soft shale___________________.__.._ 10 130 35 564
Light-blue gumbo_____.._______.__ 110 240 20 584
and_____ . 20 260 13 597
Gumbo. ... 60 320 46 643
and___ . 120 440 19 662
Gumbo. i 32 472 S 667
Sand__ .. 36 508 36 703
24 98
24 122
- 24 146
32 178
Clay - 4 222
Well 170, Gulf Oil Corp. (Hannah No. 20), 93{ miles northeast of Liberty
ClaY - e e e 60 60 || Fine-grained sand. 21 235
Fme-gramed sand. oo ___.______. 27 87 || Clay.- oo __ 27 262
Yellow elay .- . oooooooo__ 127 214 || Fine-grained sand 59 321
Well 171, John Mecon, 10 miles northeast of Liberty
12 12 20 100
43 55 7 107
2 57 113 220
23 80 16 236
Well 172, Hamill and Smith, 915 miles northeast of Liberty
(0], 35 35 || Toughelay ... ... 78 223
5 40 || Fine sand and clay.. I 52 275
35 75 || Clean sand and gravel..__.__.__.__ 30 305
70 145
Weli 173, Hamill and Smith (Barngrover lease), 9}4 miles northeast of Liberty
Clay . o 6 6] Clay.—eeooa .o 3 170
34 40 Coarse-grained 10 180
Sandy clay. - 10 50 gh blue clay. 10 190
Tough blue 69 119 Har packsand.. 10 200
Coarse sand and g 6 125 || Tough blue clay..-. 23 223
Toughblueelay. ... .__.___.._ 33 158 {1 Coarse sand and gra 32 256
Finegraysand _ ..o ... 9 167
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TaBLE 7.—Drillers’ logs, Liberty County, Tex.—Continued v
Well 176, Houston Production Co., 934 miles northeast of Liberty
Té]ei:;" Depth T};ég" Depth
(feety | (eet) (teet) | eet)

Cl E: O 42 42 Y| Sand_ ... 23 258
25 67 - 21 279
37 104 - 21 300
20 124 || Fine-grained sand. - 20 320
41 165 || Hard sand.._.. R 13 333
25 190 2E:3 S - 10 343
22 212 || Sand and gravel. - 27 370
20 232 || Finesand____________________._.. 4 374

3 235

Well 177, The Texas Co., 9 miles northeast of Liberty

24 24 || Samd._ .. 10 132
21 45 117 249
63 108 134 383

14 122

Well 179, city of Liberty, in Liberty
Surfaceelay. . ... ______________ 12 12 || Sand and gravel...___._.____.____ 14 320
and ____ 48 60 Stlcky shale 40 360
Clay- 20 80 and . ______... 16 376
Sand 14 94 Stlcky shale. 69 445
Clay...._. 25 119 | Sand . ______ .. 10 456
Sand and clay. 27 146 || Sandand shale_ .. ... ._____..__ 10 465
Sticky shale _ 110 256 || Stickyshale_ ... . ... 58 523
Sand. _.____ 42 208 || Sand . _._____. ... 39 562
Sticky shale ... 1T 8 306 || Sticky shale .- ._____.._._.___._. 3 565
‘Well 183, Sou thern Pacific R. R. Co., in Liberty
_____________________ 20 201
- 75 276
- 27 303
- 28 331
- 45 376
N 10 386
- 174 560
- 28 588
- 13 601
W
2 108
4 112
7 119
60 60 2 278
45 105 37 315
Streal\‘? of sand and shale 46 151 3 318
Sand and gravel. _.._..._ 9 160 10 328
Fine-grained sand ___ 70 230 4 332
Coarse-grained sand . 46 276 1 & 333
Well 191, Liberty County Fair Grounds, 1}{ miles southeast of Liberty

BRI {1 U 15 ClaYuwacias 5 36
Sand. - - 16 31 || Sand 29 65
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. TABLE 7.—Drillers’ logs, Liberty County, Tex.—Continued

Well 193, Mrs. Maggie L. Moorefield, in Liberty

Thick-

Thick-

Depth Depth
nes;
(footy | (feet) (}J:ests) (feet)
Sand_ .. .. ... 60 60 || Fine-grained sand______________ 11 144
Clay - el 73 133 | Y - oo i 56 . 200
Well 194, Martin Leissner, 5 miles north of Liberty
Clay o e 37 37 Clﬂ _____________________________ 9 81
Fme-gramed sand 17 54 16 97
hale____ 14 68 6 103
Gravel ... 4 72
Well 199, C. W. Fisher, in Liberty
Clay with layers of sand. 40 40 || Blueclay....._._. 30 230
Sand and gravel....._... 160 200 || Water-bearing sand... 8 238
‘Well 200, Howard LeCour, 7}{ miles east of Liberty
1
CIBY - oo 106 106 || Finegrained sand 5 160
Fine-grained sand . 9 15 || Clay. ... 21 181
) 3 S 25 140 || Fine-grained sand 7 188
Fine-grained sand.________ 7 147 || Clay . oo oo 3 191
18Y - - - oo 8 155
Well 201, Carl Johnson, 9% miles east of Liberty
Clay. ool 44 256
Fme-gramed sand_......____ 85 341
Coarse-grained sand 94 435
Sandy clay 24 459
Clay____ 3 462
Sand an 7 469
Shale. .o eaao 59 528
4 4| Samd. .l 22 82
31 35 || Sandand gravel _____._._.____.__ 14 96
25 60
Well 203, Silva and Welch, 7} miles east of Liberty
(0] : 3, 72 72 || Fine-grainedsand_______.________ 10 147
Fme-gramed sand. 6 78 1 - Y 4 151
(0] 2 U, 59 137
Well 204, Mrs. Robinett, 724 miles east of Liberty
Hard yellowelay. ... _____..____ 147 147 || Hard €18y .o coeocoooccececacceee 9 161
Fine-grained sand. .. ______._...__ 5 152
Y Well 205, C. C. Thornton, 6 miles southeast of Liberty
149 149 || Fine-grained sand _ _____.__._______ 20 257
zg gg% Medium-grained sand......-... .- 30 287
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TasLe 7.—Drillers’ logs, Liberty County, Tex.—Continued
‘Well 206, Leo B. Pitre, 7 miles east of Liberty

Thiek- Thick-

ness %tht)h ness | Depth

(feet) {(feet) | (feet)
L6 13 S, 310 310 || Sand. . eicceea 60 370

Well 213, Leo B. Pitre, 7 miles east of L‘[iberty

Clay . 41 41 Fme hard sand..__.oo_.o._oooo. 25 359
Clay and sand streaks. 43 84 1| ClAY._ oo 3 362
Fine-grained sand _ __ 24 108 Fme hard sand 67 429
Clay. . ..._......_. 109 217 || Toughelay. ..ooooo__ 57 486
Fine-gra; 15 232 || Fine gray sand 71 557
Clay .. 55 287 1| C18Y. . 15 572
Fine h 41 328 {| Fine hard gray to white sand with
(&) -3, 6 334 1enses Of ClaY . oeooocaanne 56 628

(Heiskell No. 1), §24 miles south of Liberty

OBy e 31 31
Sand, clay. 129 160
%sind . 46 206
ay .. 30 236
Send __ 46 282
Clay_.__.. 47 329
Sand, grave| 42 371
...... 37 408

Sand, gravel. 122 530
Clay.__.... 32 562
Sand_. 21 583
Clay.. 25 608
Sand __ 15 623
Clay_.._.. 78 701
Sand, grave 69 770
AAAAAAAA 10 780
Sand, gravel. 16 796
................ 26 822
Sand, gravel_.______.___.____.___. 103 925

umbo,gime ..................... 29 954

Well 221, Shilo School, 9 miles southeast of Liberty

17 17 34 250
22 39 52 302
12 51 10 312
13 8 320
152 216 13 333
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TaRLE 7.—Drillers’ logs, Liberty County, Tex.—Continued
Well 222, A. R. Milintz, 614 miles southeast of Liberty

Thick-1 Deptn Thick-| peptn
(feety | (feet) (feety | (ee¥)

5 51| Sand__._.._. 5 232

15 20 || Blue shale....._... 2 234

180 200 || Fine-grained sand... 16 250

23 223 || Coarse-grained sand_ 23 273

4 227 }) Shale. ... 2 275

Well 223, Franklin & Tideman, Ltd., 12}{ miles southeast of Liberty

Clay. oo . 18 18 || Tight finesand.___.._____._______ 69 330

Coarse-grained sand.___.____.._.__ . 7 25 || Soft, coarse sand, salt water. 13 343

Hardelay_ ... ... ___ 92 117 [ Hardshale_._.____ . . _.______ 6 349
Hardshale ._____________________ 144 261

Well 224, Shell Oil Co., 1315 miles southeast of Liberty

Qlay . e 44 44 21 414

Sand .. 117 161 12 426

Clay. 36 198 10 436

Sandyshale____________________ .. 84 282 102 538

Sandyshale_._______________.____ 15 297 30 568

Stickyshale.____________.________ 21 319 81 650

Sandy shale_ _ 22 341 31 681

Sticky shale. 28 369 26 707
Gumbo._.____ T 23 392

(Sabine Tram No. 1), 2}{ miles northeast of Devers

Shale, lime, sand .. _...____.__.._ 32 1,281
Shale, lime. ___ e 17 1,298
Lime._._.._. - 45 1,343
Sand, boulders —- 35 1,378
Gumbo, lime_ ______________...___ 40 1,418
Sand, lime____________________.___ 34 1,452
Gumbo. . 4 1,456
Sand.- . 44 1, 500
Lime, shale sand________________ 2 1,

Sandyshale______________________ 12 1,514
Gumbo, lime_ .. ... 38 1, 552
Sand._ .. 2 1,554
Sand,shale __.______._____.____._ 15 1,569
Sandy shale_ ______._______._..__. 16 1, 585
Gumbo__ .. 169 1,754
Sand_._ . 1,757
Sandy lime_____. o ... 40 1,797
Gumbo._ . - ea- 32 1,829

Sticky shale___________________.__ 88 1,922

Sandy lime___.___.___.__...._.__. 10 1,932

Sticky shale. - 33 1,965

Sand.__ - 31 1,996

Shale._ N 27 2,023

Total depth_ . ___.___.__ R I 5,800

L]
Co., 3 miles south of Devers

Clay 38 38 || Sandy shale and shell.___________ 21 276
Shell_.______.________. - 3 41 || Fine sand with lenses of shale 21 297
Sandy shale_._________ . 59 100 || Noreeord______________.____. 36 333
Finered sand _____ - "TT7C . 22 122 || Sand and boulders 5 338
Sandy shale with beds of shell___. 79 201 || Limerock_..______._. 3 341
Fine-grained sand - 5 206 || Very fine gray sand.__ 45 386
Sandyshale______.___. . _____. . __ 49 255 || Finegraysand_._________._______ 20 406
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TABLE 7.—Drillers’ logs, Liberty County, Texz.—Continued
Well 228, Bert Hays, 334 miles south of Devers

Thick-| Depth Thick- | Depth
38 {feet) ness | “roet)
(feet) (feet)

209 209 || Clay - e 14 234

11 220

Well 229, V. D. Meyers, 1 mile east of Devers
(83 15 74 74 1| Coarseloosesand.._._________.____ 25 99
Well 230, W. E. Jenkins, in Devers
I
Clay 19 19 i 34 209
Soft sand. 49 68 || Fine-grained sand._.._ 45 344
Sand and shale_. . 32 100 || Shale_._____..__...._. 15 359
Sand; - 154 254 |i Sandy shale 14 373
Soft 11 265 || Watersand. ... 70 443
‘Well 231, Dan Hart, 63 miles south of Devers

95 95 11 296
45 140 18 314
10 150 141 455
10 160 18 473
22 182 13 486
48 230 2 488

55 285

Well 232, The Texas Co. (Moore No. 1), 315 miles northeast of Devers
Clay - e 40 40 || Sandandshale____._._.____.._.__ 142 203
Sand. .. 21 61 || Fine-grained sand...__.......____ 29 232
‘Well 237, Sinclair Pipe Line Co., 5{ miles east of Devers
Clay - oo 22 22 || Blueelay. ..o 319 427
Sand. .. 86 108 | Sand._ . ____ . __.i..._ 65 492
‘Well 241, H. A. Gripon, in Devers
Red and white sand 66 66 | Graysand._____ . oo 10 338
Blue clay 24 90 || Gray sandy clay.. - 51 379
Streaks of sandy clay and sticky Fine gray sand_ __ _ 6 385
blueclay_____.______________. 80 170 || Gray sandy shale.._____._._ 10 395
Fine gray sand 44 214 (| Streaks of sand and blue shale_ 38 433
Sandy clay. . 36 250 25 458
Tough clay. __. 70 320 8 466
Fine gray sand 6 326 32 498
Blueshale.____.._____.____.._____ 2 328 3 501
Well 245, Gulf Oil Corp.,

Clay - e 39 39 |} 8and. - oociceeoo 76 225

Clayandsand_.___.__._____.____. 110 149

Well 246, Gulf Oil Corp.. 9}4 miles south of Devers

Surface clay andsand.-.._.___.. 150 150 || Gumbo_ . _ . 50 290
Band. ... 90 240 || Sand and boulders.. ____.._____.... 54 344
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